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Abstract: The purpose of this study was to determine whether gender affects high-stakes test performance among dental students.
Our sample consisted of 128 women and 323 men from six consecutive dental classes for which we recorded AADSAS overall
and science predental GPAs; Dental Admission Test (DAT) scores; National Board Dental Examination (NBDE) I and II scores
and pass/fail status; North East Regional Board of Dental Examiners (NERB) pass/fail status; and cumulative GPAs following the
spring quarter of year two and summer quarter of year four of dental school. DAT scores, when controlled for previous academic
performance, revealed that men significantly outperformed women in all areas except reading comprehension and biology, where
the women’s scores significantly exceeded the men’s and were comparable, respectively. NBDE I results favored men and
approached significance (p=0.066), while for Part II men significantly outscored women. NBDE I and II and NERB pass rates
showed no significant differences. These board results were also controlled for previous academic performance. Although we
found that differences existed between genders, which appear to be the ramification of the classic high-stakes dilemma (women
do as well as men in the classroom and on course-related tests, but less well on gatekeeper board exams), the context mitigates
their operational effects. DAT differences are likely reduced by most admissions processes, but may be problematic when selected
predictive algorithms are used. Practically, the NBDE I and II results are unlikely to meaningfully influence women’s academic
progress in dental school or postgraduate education admissions due to their magnitude and timing.
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I
n many professions, including the health sciences,
multiple high-stakes testing events can impact
the student evaluation process during the forma-
tive years. These events include preadmissions test-
ing such as the Medical College Admissions Test
(MCAT), Law School Admissions Test (LSAT), and
Dental Admission Test (DAT) and national certify-
ing examinations like the United States Medical Li-
censing Examination (USMLE Step 1, 2, and 3),
National Board Dental Examination (NBDE Parts I
and II), and National Board of Osteopathic Medical
Examiners (NBOME Level 1, 2, and 3). In dentistry,
there are additional regional clinical licensure exami-
nations, for example, the Western Regional Examin-
ing Board (WREB), Central Regional Dental Test-
ing Service (CRDTS), Southern Regional Testing
Agency (SRTA), and North East Regional Board of
Dental Examiners (NERB), as well as numerous
single state boards.
Researchers have long acknowledged a gender
gap in high-stakes testing performance that many
consider a truism: “Males turn out to be better test
takers and females turn out to be better course tak-
ers.”1 Although some have disagreed about  whether
the gap is decreasing,2-4 the gap remains, and high-
stakes examinations fail to accurately reflect or pre-
dict women’s classroom performance.
This discrepancy between high-stakes testing
results and other preadmissions criteria remains no-
ticeable at higher educational levels, including den-
tal school admissions. Results of the April and Au-
gust 2000, 2001, and 2002 MCAT show women
scoring lower than men on the verbal reasoning,
physical sciences, and biological sciences portions
of the test.5 Results of the GRE General Test from
1988 to 1998 show that men outscored women in all
ethnic and racial groups for the verbal, quantitative,
and analytical portions of the test.6
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Graham7 found no consistent differences be-
tween men and women in DAT scores in 1973 or
1974, but only 8 percent of students applying at that
time were women. A study published in 1986 by Pot-
ter8 of six classes at Indiana University, however,
showed women applicants had a higher mean score
in college nonscience GPA, while men applicants had
a higher mean score in three-dimensional perceptual
ability on the DAT. Recent data9 demonstrate gender
differences for the DAT, although these studies have
not controlled for comparable academic ability or
performance.
Whereas several studies have examined different
aspects of gender in dental education,10-13 few have as-
sessed gender’s effects on post-admission high-stakes
test performance in dentistry. In one, Casada, Cailleteau,
and Seals14 found no significant relationship between
gender and passage of state and regional boards.
Studies in other professions suggest that dif-
ferences appear to continue in the post-admission
years. A survey of the literature by Weinberg and
Rooney15 found men generally outscoring women on
USMLE Part I, but those differences had disap-
peared—except within certain specialty-related por-
tions—by USMLE Part II. Case, Becker, and
Swanson16 found similar results twenty years later.
Looking at scores for the NBOME Level 1, 2, and 3,
Shen17 found similar results. Women performed less
well than men on Level 1, performed similarly on
Level 2, and performed better on Level 3. Speculat-
ing on possible causes for improving performances,
Case, Becker, amd Swanson16 reported:
[Some researchers] have suggested that men
and women adapt differently to stresses in
medical schools (including sexism) in ways
that might be to the disadvantage of women
in the early years but to their advantage later
on. . . . Others have noted that women tend
to perform better in areas related to special-
ties attracting large numbers of women [for
instance, pediatrics and obstetrics], and these
specialties may place less emphasis on
strong Part I performance. . . . Finally, it is
possible that, on average, women have a
weaker background in science at the time
of matriculation, but “catch up” as a result
of medical school training. Several research-
ers have noted that differences in Part I per-
formance is larger in disciplines traditionally
taught in the first year.
Shen17 suggested, on the other hand, “that
women and men have different growth patterns and
that women grow relatively faster than men within
the current medical education system.”
Despite these gains, differences exist in 1973-
82 scores between men and women on the American
Board of Internal Medicine Certifying Examination.18
Although women’s scores improved compared to the
men’s, women’s scores still remained lower regard-
less of their performance in their residency programs.
Studies by Klein19 and Ryman20 both revealed that,
unlike men, women law students performed less well
on their bar examinations than might have been pre-
dicted by their performance in law school.
A number of possible reasons have been sug-
gested for the gender gap on high-stakes tests, many
relating to women’s traditionally lower sense of self-
esteem when compared to men.21 These factors in-
clude stereotype threat, differential speeds, aversion
to risk taking, test bias, fear of success, test anxiety,
and certain other personal characteristics.22
Because dentistry has several levels of high-
stakes testing, because a growing number of students
entering this system are women, and because of the
equivocal results of earlier studies cited here, it ap-
pears more important than ever to determine if a high-
stakes gender gap exists in the evaluation processes
used in dental education. Performance on critical
evaluation instruments not only can adversely dic-
tate entrance to dental school by qualified applicants,
but can be used as a winnowing device for licensure
and specialty education, ultimately influencing the
supply of qualified dentists. If similarly trained and
academically performing women do not demonstrate
equal success on traditional measurement instru-
ments, an undesirable shaping of the overall profes-
sion potentially could occur both on a larger scale
and within its disciplines. The purpose of this study
was to determine whether gender significantly af-
fects high-stakes test performance among dental stu-
dents at several points in the educational process.
Materials and Methods
All undergraduate students must submit aca-
demic performance information in order to be con-
sidered for admission to dental schools. This infor-
mation is collected and transmitted to the dental
college admissions groups by the application pro-
cess of the Associated American Dental Schools
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Application Service (AADSAS) overseen by the
American Dental Education Association (ADEA) and
includes standardized calculations of overall and sci-
ence predental school GPAs. The students also com-
plete the DAT as an application requirement, which
the ADEA testing service also reports to the dental
colleges. These data formed the basis for the
preadmissions information gathered for the sample of
students involved in this project. Cumulative GPAs
were computed for each dental school grading period.
The students involved in this investigation completed
the NBDE I and NBDE II following the spring quar-
ter of year two and during autumn quarter of year four,
respectively. A majority of the students also attempted
the NERB examination during the final quarter in
dental school. All results noted above were reported
to the college and held on file, with the exception of
some individual clinical examination results. The
above-cited repository of data existed in the Offices
of Admissions and Academic Affairs for the graduat-
ing classes of 1996-2001. Table 1 demonstrates the
time points, comparisons, control variables, and
sample sizes. This study was approved by the Behav-
ioral and Social Sciences Human Subjects IRB. The
approval included a waiver of written consent.
The comparisons varied among the several
high-stakes events. For the DAT, score comparisons
were made because that is the data used by admis-
sions committees. For NBDE I and II, score and pass
rate comparisons were made because student scores
are used as a postdoctoral admissions factor and stu-
dents must pass the national boards at a number of
institutions to complete graduation requirements or
advance in standing. Passing a regional or state board
is also required for licensure in most states. Passing
was the only comparison for the NERB because, op-
erationally, that is the only outcome of consequence.
With a nondirectional alpha risk of 0.05, a power
of 90 percent, and a female/male split of 30 percent/
70 percent, a sample size of 108/252 subjects (female/
male) was required to detect a difference of ±1.75
points in all components of the Dental Admission Test
and Parts I and II of the National Dental Board Ex-
amination. For the same alpha risk and a power of 88
percent, a sample size of 51/117 subjects was required
to detect a difference of ±25 percent in pass rates on
the North East Regional Board.
Data from this study were analyzed in the fol-
lowing manner. DAT scores were assessed using an
analysis of covariance with gender as the indepen-
dent variable and cumulative, undergraduate science
GPA as a covariate. A similar model was used to
evaluate scores on NBDE Parts I and II. In this case,
the covariates were cumulative dental school GPA as
of spring quarter of the second year (for Part I) and
summer quarter of the fourth year (for Part II). Lo-
gistic regression was used to model passing perfor-
mance on the NERB examination. Independent vari-
ables included gender and final cumulative dental
school GPA.
Results
The raw data  (Table 2) indicated that for ma-
triculating students the measures of academic per-
formance were equal for males and females when
Table 1. High-stakes evaluations for dental professionals
High-Stakes Data
Time Point for Comparison Control Variables Women Men
Preadmission DAT Baccalaureate Science GPA 128 323
Credentialing NBDE I Cumulative GPA Spring Yr 02 117 300
NBDE II Cumulative GPA Summer Yr 04 108 289
Licensure NERB Final Cumulative GPA   67 216
Table 2. Mean predental performance by gender
FEMALE MALE
Adjusted Adjusted  Raw Raw Adjusted Adjusted Raw Raw Delta percent
Measure N Mean* SE*  Mean   SE N Mean*  SE* Mean   SE p (Base= )
Predental
AADSAS GPA
Overall 128 na na 3.08 0.0418 323 na na 3.09 0.024 0.9152 -0.32
Science 128 na na 3.21 0.0329 323 na na 3.18 0.021 0.4411   0.94
*least-squares means adjusted for GPA
na=not available
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considering the two dimensions of overall and sci-
ence GPAs calculated by the AADSAS process.
The DAT component aptitude scores, both raw
and adjusted, for predental academic performance
are shown in Table 3. The academic average (ACAD)
included all components of the DAT except the Per-
ceptual  (PAT) portion. This score plus the scores for
PAT, quantitative reasoning (QR), inorganic chemis-
try (INO), organic chemistry (ORG), and the total
science score (TOTSCI), which included biology
(BIO), INO, and ORG all demonstrated significant
differences favoring men. The mean percentage dif-
ferences for these scores varied from 2.29 to 8.01
percent. Reading comprehension scores significantly
favored women and demonstrated a 3.27 percent dif-
ference. There were no significant differences in the
scores for biology.
The national board scores, NBDE I and II,
again adjusted for the most concurrent cumulative
academic performance, were contrasting between
genders. For NBDE I, differences favoring men ap-
proached significance (p=0.066), while men signifi-
cantly outscored women on NBDE II (Table 4). When
the pass rates for NBDE I and II and NERB were con-
sidered and adjusted for academic performance, the
findings were different from the test score results
(Table 5).  There were no significant differences for
pass rate on any of these examinations. Notably, pass
rates for men and women on the NBDE II only ap-
proach significance (0.065) even though the raw scores
on this examination were significantly different.
Discussion
The focus of this research was not whether men
or women performed better at critical guideposts in
the dental admissions and education process, but
whether equally prepared students of each gender
performed equally on these high-stakes examinations.
In other words, given equal students, did gender-
related performance differences occur on high stakes
Table 3. Mean DAT performance by gender
FEMALE MALE
Adjusted Adjusted  Raw Raw Adjusted Adjusted Raw Raw Delta percent
Measure N Mean* SE*  Mean   SE N Mean*  SE* Mean   SE p (Base= )
DAT Scores
ACAD 128 17.06 0.16 17.05 0.16 323 17.64    0.10 17.64 0.11 0.0019 -3.29
PAT 128 15.96 0.21 15.95 0.19 323 17.33 0.13 17.33 0.14 0.0301 -7.91
QR 128 15.97 0.25 15.97 0.22 323 17.36 0.16 17.36 0.17  <0.0001 -8.01
RC 128 19.26 0.21 19.26 0.21 323 18.65 0.13 18.65 0.13 0.0163  3.27
BIO 128 16.63 0.19 16.63 0.18 323 17.02 0.12 17.03 0.13 0.0748 -2.29
INO 128 17.10 0.23 17.09 0.24 323 17.94 0.15 17.94 0.16 0.0027 -4.68
ORG 128 16.18 0.26 16.17 0.25 323 17.27 0.17 17.28 0.18 0.0005 -6.31
TOTSCI 128 16.55 0.17 16.55 0.17 323 17.26 0.11 17.27 0.12 0.0005 -4.11
*least-squares means adjusted for GPA
Table 4. Mean national board scores by gender
FEMALE MALE
Adjusted Adjusted  Raw Raw Adjusted Adjusted Raw Raw Delta percent
Measure N Mean* SE*  Mean   SE N Mean*  SE* Mean   SE p (Base= )
Part I 117 83.91 0.30 84.05 0.45 300 84.55 0.18 84.50 0.28 0.0663 -0.76
Part II 108 80.61 0.31 81.06 0.46 289 81.46 0.19 81.29 0.28 0.0213 -1.04
*least-squares means adjusted for GPA
Table 5. Mean percentage passing rate for national boards and NERB by gender
FEMALE MALE Adjusted
Number Percent  Number Percent Delta Percent Odds Ratio* Lower Upper
Measure  Passed  Passed Passed  Passed (Base= ) (Base= ) Bound Bound p
Part I 109 93.16 283 94.33 -1.2403 0.954 0.377 2.621 0.9225
Part II 100 92.59 278 96.19 -3.7426 0.379 0.135 1.089 0.0647
NERB 38 56.72 142 65.74 -13.7207 0.631 0.356 1.121 0.1140
*adjusted for GPA
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examinations? Certainly at this institution, male and
female students appeared equally prepared based on
predental academic performance demonstrated by the
predental overall and science GPAs compiled by
AADSAS.
In the first high-stakes encounter in the dental
education pathway—the DAT—men significantly
outperformed equally prepared women in all areas
except reading comprehension and biology, where
the women’s scores significantly exceeded the men’s
and were comparable, respectively.  There are a num-
ber of possible explanations for these gender differ-
ences. First, some have noted that there are “well-
established” gender differences for cognitive
activities. Maccoby and Jacklin23 concluded that men
had better abilities in quantitative and visual-spatial
areas, while women exceeded in verbal ability. The
conclusion regarding the “well-established” gender
differences in cognitive abilities was challenged by
Hyde,24 who objected to the implication that the dif-
ferences were large. Hyde’s meta-analysis demon-
strated that the differences not only were small, but
that gender explained less than 5 percent, at most, of
the cognitive difference. In our experimental design,
these types of differences, regardless of magnitude,
should have been eliminated by controlling for pre-
viously demonstrated academic ability.
A group of different studies provide perspec-
tive on the NBDE I and II results that we obtained.
Shen,17 for example, found that differences in per-
formance on NBOME Parts I, II, and III demon-
strated that women performed less well on Part I,
equally on Part II, and better on Part III. This trend
held up for multiple schools and was not dependent
on the school’s male/female student ratios. Shen at-
tributed this longitudinal change in performance to
women’s faster growth in medical education com-
pared to men’s.
Case, Becker, and Swanson16 found that the raw
scores on NBME Parts I and II generally favored
men on Part I and women on Part II. When the in-
vestigators controlled for prematriculation measures
such as science GPA and MCAT scores, gender dif-
ferences favoring men on Part I were reduced and
the gender differences favoring women were in-
creased. In this study after making the adjustments
noted above, male students with identical
prematriculation backgrounds had NBME scores 0.2
sd greater than women in all areas except behavioral
sciences where women outscored men by 0.1 sd. The
same trends were evident when controlling for
prematriculation variables in Part II. When
prematriculation and Part I scores were controlled,
women outperformed men by 0.05 to 0.40 sd. These
trends toward better performance from NBDE Part I
to Part II when controlling for academic performance,
however, did not hold true for our data where men
outperformed women on Part II. The magnitude of
the differences were similar and ranged from 0.2 to
0.6 sd for the DAT, NBDE I, and NBDE II.
Other possible explanations for gender differ-
ences have been attributed to stereotype threat, which
is essentially a self-fulfilling prophecy of the
stereotypically poorer performance that is expected
of women. Concisely, “consideration of gender is-
sues in tests and assessment is based most funda-
mentally on the existence and effects of two related
yet distinct sociocultural processes, that of gender-
related socialization and stereotyping, first, and, sec-
ond, that of sexism, not only in society itself but in
counseling and testing.”21 Speed also has been im-
plicated because women’s tendency toward deliber-
ate and thorough problem-solving is penalized in
timed multiple-choice examinations, which are typi-
cally constructed so that students must answer ques-
tions every forty-five to sixty seconds in order to
complete the test. Guessing can penalize women be-
cause they are less likely to take risks and generally
undervalue their knowledge. Some subject matter
also favors males over females.22
These interpretations of the mechanisms at play
in high-stakes testing were confirmed in part by
Sackett, Schmitt, Ellingson, and Kabin.25 They sug-
gested that biasing could be reduced by reducing
cultural bias in questions, minimizing reading and
writing skills by providing tests using video technol-
ogy, and motivating students. Conversely, data from
female and male dental students showed that female
dental students had a more accurate estimation of
their knowledge than did male dental students, so
they actually did not undervalue their knowledge.12
A related and possibly more important issue is
“How much difference does a lower score in these
examinations really make?” and “Is this magnitude
really meaningful in the admissions process?” This
was partially addressed by the Survey of Predoctoral
Dental Educational Institutions Volume 1, the most
recent results of which were published by the Ameri-
can Dental Association (ADA) in the 2000/01 Sur-
vey of Predoctoral Educational Institutions Tuition
and Admission, Volume 2.26
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The ADA data indicate that Quantitative Rea-
soning, the greatest deficit in the DAT for women, is
used by fewer schools than any other DAT measure
(forty-five of fifty-four schools). All other measures
are used by forty-nine or more schools, with the Aca-
demic Average used by fifty-three of fifty-four
schools. When further explored, the ADA data
showed that Academic Average had the highest me-
dian weight of 9 followed by Perceptual Ability and
Total Science at 7. Reading Comprehension and Bi-
ology were at 6, and both Chemistry scores at 4.
Quantitative Reasoning was lowest at 2. These scores
are considered by admissions committees along with
other high ranking factors such as science GPA, gen-
eral GPA, the interview, and recommendations, all
of which tend to reduce cultural biasing.25 So, it ap-
pears that the Academic Average, PAT, and Total Sci-
ence have the heaviest weighting, but only one, the
PAT, is significantly lower for women and accounts
for a large percentage score difference between gen-
ders. Reading Comprehension, in which women ex-
cel, is in the third tier of weighting along with Biol-
ogy, which showed no differences. The most
significant percentage difference between genders
was for the least weighted category, Quantitative
Reasoning. On the other hand, female students could
be jeopardized if schools attempt to aid the admis-
sion process by developing algorithms that attempt
to predict dental school performance. This is espe-
cially true when these algorithms include DAT com-
ponents that systematically penalize women. In fact,
some schools do use this type of methodology.
We found that there were no significant differ-
ences between men and women for NBDE I scores.
This may be because no true differences exist or be-
cause the power of the sample was not sufficient to
detect such small differences. NBDE II score results
showed a significant difference between men and
women. The magnitude at 1 percent is probably not
a practical quantitative difference for decision mak-
ing for two reasons. First, most likely this score would
come into play when students are applying to and
being considered for graduate programs and residen-
cies in dental specialties. An average difference of
one point on the NBDE II is largely irrelevant when
considered in conjunction with the host of other in-
formation being weighed in the admissions process.
Second, the results of these tests are usually not avail-
able for students who apply in the autumn of the fi-
nal year of dental school. For these students, accep-
tance decisions are made before the results are released.
These scores may come into play for students who
apply for advanced training after graduation, but the
magnitude of the differences in scores between men
and women is too small to be meaningful.
The pass rate on the NBDE I and II and NERB
revealed no significant differences although the
NBDE II did approach statistical significance
(p=0.065). Some would argue that investigating fac-
tors that influence passing these examinations is ir-
relevant because ultimately nearly all candidates pass
dental credentialing and licensure examination in one
or two attempts. Gender related to licensure passing
success has not been examined frequently, but
Casada, Cailleteau, and Seals14 did not find it to be a
significant contributing variable in their investiga-
tion of factors that predict dental board licensure
performance. Data from the current study confirm
these findings for all types of board examinations.
Conclusions
One would expect equally prepared students
of both genders to perform similarly across the com-
plete sequence of high-stakes examinations in den-
tal education when academic performance was con-
trolled. However, we found that small but statistically
significant gender differences did exist in DAT and
NBDE II scores. These differences between men and
women become largely irrelevant at the time of post-
graduate admission and licensing due to the small
magnitude of the differences in the scores and the
fact that passing, not the scores, is the critical mea-
sure for the NBDE I and II and regional licensure
examinations.
So, do high-stakes gender differences exist in
dental professional examinations? It appears that they
do exist to some extent, probably for the reasons cited
in the educational literature. They may even be rein-
forced by some aspects of the teaching and evalua-
tion techniques used in dental schools. Are these
forces adversely shaping dentistry? If they are, it is
at the admissions level where idiosyncratic weight-
ing of DAT scores may take place. Nevertheless,
given the consistent increase in women as a percent-
age of first-year enrollments,27 this influence has not
prohibited but only possibly slowed the rate of women
entering dentistry.
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